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ABSTRACT 
A well-insulated building will consume less energy for heating purposes 
than a building with less insulation, but the economic justification is not 
always clear. Two schools of similar size and construction, with the 
exception of the amount of insulation in the walls and roof, were made 
available to the University of Illinois Small Homes Council-Building 
Research Council and the Northern Illinois Gas Company for a cooperative 
investigation. The primary purpose of this investigation was to determine 
if it was economically justifiable to invest in the additional insulation. 
After two years of observation and data collection, it was concluded that, 
as applied to these two schools, both of which had gas hydronic heating 
systems, the additional insulation saved enough on operating costs to 
justify the additional installed cost of the insulation. 
Further analysis indicated that, since the "uninsulated" school already had 
some insulation in the roof system, the additional cost of the insulation 
applied to the roof system in the insulated school could not be justified on 
a comparative basis while the insulation applied to the wall system proved 
to be a worthwhile investment. 
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I. OBJECTIVE 
If two buildings are constructed exactly alike in all respects except that one has 
more or better insulation in the walls and roof, it can be expected that the build-
ing having construction elements with greater insulating values will have lower 
operating costs associated with the heating plant. Generally, the savings thus 
generated will, in some period of time, offset the added construction cost of the 
insulation used. At some point, however, the cost of additional insulation will 
not be recovered by operating cost savings. 
It has been the general practice in the construction of school buildings in the 
Chicago area to insulate the roof to some degree but not to use insulation in the 
exterior walls. When high priced energy sources are used, it is generally neces-
sary to utilize additional insulation. The premise that insulation will reduce 
operating costs should also be valid to some extent for any source of heating 
energy regardless of price. The question is: When does the investment in insu-
lation not result in an economically justifiable situation? 
For this investigation, two schools in the Chicago area were made available to 
the University of illinois and the Northern Illinois Gas Company for study purposes. 
Both buildings were designed by the same architectural firm and built by the same 
general contractor. Both have gas hydronic heating systems. The essential dif-
ference in the design of the two schools was the amount of insulation used in the 
wall and roof construction. 
The primary purpose of this investigation was to determine if the additional invest-
ment in insulation resulted in enough savings in the cost of operating the heating 
system to offset the additional initial cost. 
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IT. DESCRIPTION OF BUILDINGS 
Throughout this report, reference will be made to the two schools that 
were studied. To facilitate easy reference, the school that had the in-
creased insulation will be referred to as the "Insulated School" and the 
other school as the "Uninsulated School". The terminology is not exactly 
accurate since the second school does have some insulation. 
The insulated school, shown in Figure 1, contains 25,912 square feet, 
consisting of 14 classrooms, a multi-purpose room, library, office areas, 
and service areas. The plan is shown in Figure 2. The walls are masonry 
cavity walls with 2 inches of rigid insulation (foamed polystyrene) in the 
cavity (U;: 0.10) as in Figures 3 and 4. The floors in general are concrete 
slab-on-grade with resilient tile covering. The roof construction is steel 
joists with gypsum roof deck on insulating form boards and two inches of 
rigid insulation on top of the gypsum deck (U :=: 0.08). A suspended acoustical 
ceiling is used below the steel joists. 
Figure 1 
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Figure 2 
The uninsulated school, shown in Figures 5 and 6, contains 22,242 square feet, 
consisting of 12 classrooms, a multi-purpose room, library, office areas, and 
service areas. The exterior walls are solid masonry (brick and block, U = 0. 30). 
The floors in general are concrete slab-on-grade with resilient tile covering. 
The roof construction is steel bar joists with steel roof deck and two inches of 
rigid insulation above the steel deck (U = 0.12). An acoustical ceiling is used 
below the steel joists. A construction section is shown in Figure 7. 
Figure 3 
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The heating system in both schools consists of a gas-fueled boiler supplying hot 
water to unit ventilators, such as shown in Figure 8, in each classroom and fin-
tube radiation in the office areas. Boiler water temperature is controlled by an 
outdoor master thermostat. Pump operation is continuous at outdoor temperatures 
below 7 0-72F. 
mull-purpose room klnderoorten ltinderQorten klnderoorten klnderoorun 
lobby 
Figure 6 
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The unit ventilators operated as follows: 
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A. Day Cycle 
1. When the room temperature was 1~ degrees below the thermostat-
setting, the valves at the unit ventilators were opened and the out-
side damper was closed. 
2. As the room temperature reached the thermostat-setting (within 1~ 
degrees) the outside damper was opened (25% outside air) and the 
valves were throttled towards a closed position. 
3. If the room temperature rose more than 1~ degrees above the 
thermostat-setting, the outside air damper was gradually opened to 
the maximum position until the room temperature was decreased to 
the thermostat-setting. An air-stream thermostat prevented the 
discharge from reaching a temperature below 60F by opening the 
valves. 
B. Night Cycle 
On night-cycle operation, the control of room temperatures was by 
separate zone thermostats. Three zones were provided at the insulated 
school and two zones were provided at the uninsulated school. When the 
room temperature fell below the night set-back thermostat-setting, the 
unit ventilator fans were operated until the zone thermostat was satisfied. 
At all other times the unit ventilators operated as convectors with valves 
fully opened and outside dampers closed. 
C. Initial settings on the thermostats were 72F day-cycle; 60F night cycle. 
ill. INSTRUMENTATION 
Instruments were installed at each school to facilitate the collection of data. A 
part of the instrumentation at the uninsulated school is shown in Figure 9. Non-
recording instruments were read each morning at about 7 :15 a.m. , Monday thru 
Friday. Non-recording instruments were not read on Saturday or Sunday. The 
following meters and instruments were used: 
Electric usage was metered as follows: 
1. Total consumption 
2. Unit ventilators 
3. Exhaust fans 
4. Circulating pumps 
5. Air compressor and controls 
6. Air conditioner (cooling in office area only) 
7. Lighting and miscellaneous (by difference from total) 
Gas consumption was metered as follows: 
1. Total consumption 
2. Range 
3. Water heater 
4. Heating (by difference from total) 
BTU meter (recording) 
Outdoor temperature (recording) 
Indoor temperature (recording - in selected classrooms and library) 
Wind velocity and direction (recording - installed at insulated school) 
Running time meters on unit ventilators and boilers (second year) 
Boiler water temperature (recording) 
Flue gas temperature (recording) 
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FiguPe 9 
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IV. HEAT LOSSES AND ENERGY CONSUMPTION 
A heat-loss calculation was made for each school, using the methods outlined in 
the 1965-66 ASHRAE Guide. Design temperatures were selected at indoor: 72F, 
outdoor: -10F. 
Total (A) on pages 18 and 19 is the transmission loss without ventilation or infil-
tration. Subsequent totals indicate design loss with ventilation, net loss after 
deducting contributions from the lighting load and occupants, and the net loss as 
a total of the transmission loss and infiltration. 
Estimated Energy Consumption 
Using the heat loss estimates, an estimate of the energy requirements of the two 
schools was made. As originally planned, the schools were to be operated at 
72F during the hours when classes were in session and then control was to be 
maintained by a night-set-back thermostat set at 60F. The total time of operation 
at the higher temperature was to be 40 hours per week or approximately 25% of 
the time. The time intervals were clock controlled. 
From the recording instruments and records kept during the two operating seasons, 
the actual indoor temperatures maintained averaged as follows: 
Insulated School 73F, Day; 70F, Night 
Uninsulated School 74F, Day; 70F, Night 
Even though the night set-back thermostats were set for 60F, the room tempera-
tures never dropped to that level. This has been attributed to the method of 
boiler operation, which provided continuous water circulation with the boiler 
water temperature controlled by the outdoor controller. 
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HEAT LOSS CALCULATION 
INSULATED SCHOOL 
t. 72F 
l 
t -lOF 
0 
AREA U..-VALUE 
TEMPERATURE 
DIFFERENCE 
HEAT LOSSES 
ROOF 
WALLS 
attic 
attic 
GLASS 
DOORS 
PANELS 
FLOOR 
(25,912) 
( 7,530) 
1,286) 
583) 
1,161) 
42) 
(0. 08) 
(0.10) 
(0.10) 
(0.10) 
(1.13) 
(0.48) 
324) (1.13) 
300) (0.23) 
783) (60) 
TOTAL TRANSMISSION HEAT LOSS 
(82} 
(8 2) 
(6 8) * 
(64.5)* 
(8 2) 
( 82) 
(82) 
(68) * 
VENTILATION HEAT LOSS: (8, 223) (1. 08) (82) 
INFILTRATION HEAT LOSS: (25,912) (9.5) (.018) (82) 
HEAT GAINS 
LIGHTING: 
OCCUPANTS: 
(67,640 watts) 
(30) (14) 
TOTAL HEAT GAINS 
(3.413) 
(300) 
DESIGN HEAT LOSS (A + B) 
NET HEAT LOSS WHEN OCCUPIED 
NET HEAT LOSS WHEN VACANT 
(A + B - D) 
(A + C) 
169,983 BTUH 
61,746 
8,745 
3,760 
107,578 
1,653 
30,022 
4,692 
46,980 
435,159 BTUH (A) 
728,229 BTUH (B) 
363,338 BTUH (C) 
230,855 BTUH 
126,000 BTUH 
356,855 BTUH (D) 
1,163,388 BTUH 
806,533 BTUH 
798,497 BTUH 
*Attic temperature over multi-purpose room calculated at 54.5F 
Attic temperature over classrooms calculated at 58F 
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HEAT LOSS CALCULATION 
UNINSULATED SCHOOL 
t. 72F 
1 
t -lOF 
0 TEMPERATURE 
AREA U-VALDE DIFFERENCE 
HEAT LOSSES 
ROOF (22,242) (0.12) ( 8 2) 
WALLS ( 6,665) ( 0. 3 0) ( 8 2) 
attic 67 9) (0.30) (55)* 
attic 1,304) (0.13) ( 6 0) * 
GLASS 1,384) (1.13) ( 8 2) 
DOORS 84) (0.48) ( 8 2) 
259) ( 1. 13) (82) 
PANELS 374) (0.23) ( 8 2) 
FLOOR 724) ( 60) 
TOTAL TRANSMISSION HEAT LOSS 
VENTILATION HEAT LOSS (7,282) (1.08) (82) 
INFILTRATION HEAT LOSS (22,242) (9.5) (.018) (82) 
HEAT GAINS 
LIGHTING (55,740 watts) (3.413) 
OCCUPANTS ( 3 0) (12) ( 3 0 0) 
TOTAL HEAT GAINS 
DESIGN HEAT LOSS (A+ B) 
NET HEAT LOSS WHEN OCCUPIED (A + B - D) 
NET HEAT LOSS WHEN VACANT (A + C) 
218,861 BTUH 
163,959 
11,203 
10,171 
128,241 
3,306 
23,999 
7,054 
43,440 
610,234 BTUH 
644,893 BTUH 
311,877 BTUH 
190,241 BTUH 
108,000 BTUH 
298,241 BTUH 
1,255,127 BTUH 
956,886 BTUH 
922,111 BTUH 
* Attic temperature over Multi-purpose Room calculated at 45F 
Attic temperature over classrooms calculated at 50F 
(A) 
(B) 
(C) 
(D) 
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This effectively allowed the unit ventilators, acting as convectors, to release 
sufficient heat to keep room temperatures above the night set -back control point. 
With the temperatures stated on page 17, an average heat loss was established 
for the two schools: 
Insulated School: 
With ventilation: 1,163, 000 x 83 = 1, 178, 000 BTUH 
82 
With infiltration: 798,000 x 80 = 779, 000 BTUH 
82 
Average Loss= (0.25) (1,178,000) + (0.75) (779,000) = 879,000 BTUH 
Uninsulated School: 
With ventilation: 1,255,000 x 84 = 1,286,000 BTUH 
82 
With infiltration: 922,000 x 80 = 900,000 BTUH 
82 
Average Loss = (0. 25) (1, 286, 000) + (0. 75) (900, 000) = 997, 000 BTUH 
The ASHRAE Guide gives the following formula for estimating fuel consumption 
using Degree Days: 
Where: 
FU HL X DD X 24 
TD X FV X E 
F U Fue 1 units 
HL 
DD = 
TD = 
FV = 
Heat loss at design temperature 
Degree Days 
Indoor-outdoor temperature difference 
Fuel value in BTU's 
E System efficiency 
The average design temperature differences at the two schools were: 
Insulated School (0. 25) (83) + (0. 75) (80) = 80. 7F 
Uninsulated School (0. 25) (84) + (0. 75) (80) = 81. OF 
A system efficiency of 0. 75 was assumed, based on data tabulated in Section V. 
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Then, for the insulated school: 
FU = 879,000 x DD x 24 = 3. 48 therms per DD 
80.7 X 100,000 X 0. 75 
or 0.134 therms per DD per 1, 000 sq. ft. 
and for the uninsulated school: 
FU = 997,000 x DD x 24 = 3. 94 therms per DD 
81.0 X 100,000 X 0. 75 
or 0.177 therms per DD per 1, 000 sq. ft. 
Using these estimates, the expected difference in fuel requirements was: 
Or 
3.94 
0.177 
3.48 
0.134 
0. 46 therms per degree-day 
0. 043 therms per degree-day per 1000 sq. ft. 
The fuel consumption calculations shown above represent the total heating energy 
needed to heat the schools, which include such extraneous sources as the heat 
from lighting and occupants. A similar calculation was made using an average 
heat loss that compensates for these two sources of heat gains, people and lighting, 
which resulted in the following figures: 
Insulated School 
Uninsulated School 
Difference 
Heating therms 
3.12 therms/DD 
3. 63 therms/DD 
0. 51 therms/DD 
The figures derived in this section are at best a good estimate of the fuel consump-
tion for the two schools since they were based on assumptions made in the heat-
loss calculations and on an assumed system efficiency (E). However, they were 
the best "tool" available and give a reasonable estimate of the amount of fuel to be 
used. 
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V. DATA SUMMARIES 
Table I summarizes the data collected on energy usage during the two heating sea-
sons. The data has been transformed to indicate the difference in energy usage in 
terms of therms, and therms per degree-day per 1, 000 square feet. The electrical 
usage in KWH was changed to therms, added to the energy used for heating and then 
expressed in a similar manner to indicate total heating energy consumption. 
During the first four months of the 1966-67 heating season, the controls on the unit 
ventilators in a number of classrooms at the uninsulated school malfuncti.:>ned, 
resulting in continuous operation for prolonged periods when the thermostat was 
not calling for heat. To compensate for this excessive use, the actual usage was 
reduced. The reduction factor was derived by comparing the first and second 
half-seasons of operation at the insulated school. The second half of the season 
averaged about 4% higher than the first half. (This is typical in heating operations.) 
The data for the first four months at the uninsulated school was then adjusted so 
that it too was about 4% less than the second half of the heating season. This 
required an 8% reduction factor. 
Table II summarizes the data collected on room temperatures on eighteen different 
days. The average temperature and the high and low temperatures recorded are 
listed. 
Table III lists the results of C02 tests made on the boilers at the two schools on 
various days during the two heating seasons. The tests were performed using a 
Bachrach Fyrite apparatus. 
Analyses of Heating Energy Requirements 
The total heating energy requirements of a building are related to the temperature 
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TABLE I 
SUMMARY OF DIFFERENCE OF HEATING ENERGY INPUT 
Gas Heating Energl Total Heating Energy* 
Month Degree Days 
1965-66 Heating Season 
Jan. 1,491 
Feb. 1,088 
Mar. 839 
Apr. 554 
1966-67 Heating Season 
Oct. 425 
Nov. 710 
Dec. 1,118 
Jan. 1,243 
Feb. 1,251 
Mar. 917 
Apr. 469 
Therrns 
716.64 
760.79 
706.31 
496.47 
208.08 
1,077.27 
932.98 
917.40 
945.85 
808.65 
355.96 
AVERAGES 
1965-66 
1966-67 
1965-67 
Therrns/2D 
1000 FT 
0.040 
0.050 
0.058 
0.063 
0.041 
0.077 
0.054 
0.049 
0.052 
0.061 
0.063 
0.049 
0.057 
0.054 
Therrns/2D 
1000 FT 
0.038 
0.046 
0.055 
0.058 
0.034 
0.078 
0.052 
0.047 
0.050 
0.057 
0.057 
0.047 
0.054 
0.051 
Note: Total Heating Energy includes electric power used for lighting, operation of unit 
ventilators, and miscellaneous usage. The totals do not include energy used for water 
heating and cooking. 
The degree-days indicated in the table above were calculated from data taken at the school 
site on a 7:30 a.m. to 7:30a.m. basis. This resulted in approximately 7. 5% more degree-
days than was recorded at Midway Airport, the official reporting station for the Chicago 
area. 
*The insulated school used proportionally more electrical energy than the uninsulated 
school which, when added to the Gas Heating Energy, results in a smaller difference 
in total Heating Energy. 
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TABLE II 
ROOM TEMPERATURE OBSERVATIONS 
School Classrooms Multi-Purpose Room 
Average Temp. 
Insulated 72.7F 70.3F 
Uninsulated 73.7 73.8 
High Temp. 
Insulated 73.4 74.0 
Uninsulated 74.7 76.0 
Low Temp. 
Insulated 72.2 68.0 
Uninsulated 73.1 68.0 
Library 
72.0 
75.4 
72.0 
80.0 
72.0 
70.0 
Note: This data based on eighteen observatior.s made at the 
thermostat location between December 1 1 1966 and April 12, 1967. 
TABLE III 
SUMMARY OF C0 2 TESTS 
Date C0 2 Stack Temp. Room Temp. Efficiency 
% OF OF % 
Insulated School 
11-16-65 9.0 410 75 81.0 
10-27-66 9. 2 475 75 80.2 
3-27-67 7. 0 470 80 78.0 
2-16-67 6. 0 490 70 75.0 
5-4-67 6.6 470 76 76.5 
Uninsulated School 
11-16-65 8.6 475 75 80.0 
1-3-66 6. 0 500 75 74.5 
1-11-66 7.4 475 75 78.0 
3-27-67 8.2 470 78 80.0 
5-4-67 7.3 412 83 80.5 
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difference (TD) which exists between the inside and outside of the structure and 
the effect of wind impingement (w) on the structure, less such extraneous gains 
as solar energy received, and the energy released by the occupants. If the extra-
neous gains are neglected for the moment, the total heating energy requirements 
can be expressed as: 
ET = A + B (TD) + C (W) (TD) 
Where ET = Total Heating Energy required in therms per day 
TD = Indoor-Outdoor Temperature Difference 
w = Wind Velocity in miles per hour 
A = An additive constant 
Band C Coefficients of (TD) and (W) (TD) 
The term (TD) can be replaced by degree-days (DD) if it is desired to express 
the equation in terms of degree-days rather than temperature difference. 
The data collected during the two heating seasons for the schools was subjected 
to a statistical analysis using multiple correlation techniques. 
The analyses indicated that wind losses and solar gains were not significant, and 
that, since there was a very high correlation coefficient between the heating 
energy used and the indoor-outdoor temperature difference or degree-days 
(greater than 0. 95), the use of temperature difference was a valid means of 
comparing heating energy usage. 
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VI. CONSTRUCTION COST ANALYSIS 
The construction costs for the two schools indicate that the insulated school cost 
$12.796 per square foot and the uninsulated school cost $13.420. It would appear 
that the insulated school actually cost less than the uninsulated school. This would 
be a misconception since the insulated school was somewhat larger, and high-cost 
areas common to both schools (multi-purpose room, office space, etc.) could be 
distributed over the larger area. There were also other items, such as paving, 
ceiling material, finished carpentry, and floor coverings, that affected the total 
cost per school which make the use of the total cost invalid for the purposes of 
this study. 
The items in the insulated school that differed from the uninsulated school that 
affected the heating performance were the amount of insulation used in the roof 
system, and the wall insulation. The perimeter insulation used in the insulated 
school was not considered as affecting the performance since it did not extend 
beyond the bottom of the slab. 
A detailed cost breakdown of the two schools supplied the following figures: 
Cost Per Sguare Foot of Building 
Insulated School Uninsulated School Difference 
Roof Deck $0.375 $0.234 $0.141 
Roofing & Insul. 0.463 0.450 0.013 
Wall Insulation 0.089 0.089 
Unit Ventilators 0.322 0.367 0.045 
Boiler 0.116 0.147 0.031 
Net difference 
per square foot $0.167 
or, the total difference is: 
(25, 912 square feet) ($0.167) $4,327.30 
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Vll. DISCUSSION OF DATA 
In order to make a valid comparison, one must be assured that the items compared 
are alike except for the variable in question--in this case, the amount of insulation. 
The two schools studied for this report were designed by the same architect and 
built by the same contractor. Since the study was proposed during the design 
stages, every effort was made to make them as similar as possible with the excep-
tion of the insulation. Inspections were made during construction to ensure that 
the same general construction quality was present in each building and that the 
provisions of the plans and specifications were carried out. 
There is, however, a factor that affects the thermal performance of the structure 
that does vary somewhat between the two schools: i.e. , the amount of glass area. 
Since single glazing was used, the ratio of glass area to floor area had a definite 
effect on the thermal performance. One other item that could have effected the 
performance was the ratio of ventilation air to floor area. Both these areas were 
studied to see if a correction to the data was necessary. 
Glass Area to Floor Area Ratio 
Insulated School 
Uninsulated School 
Glass Area 
1,161 
1,384 
Floor Area 
25,912 
22,242 
Ratio 
0.045 
0.062 
To put the two schools on an equal basis, the heat loss from the uninsulated school 
would have to be corrected so that it would reflect a similar glass area to floor 
area ratio. This would require a reduction in the glass area and replacement by 
a like amount of wall area. 
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A comparable amount of glass area in the uninsulated school was: 
(0. 045) 
(1' 384) 
(22, 242) 
(1' 001) 
= 
= 
1, 001 sq. ft. 
383 sq. ft. of glass reduction 
To replace this amount of glass with wall in the heat-loss calculations, the total 
loss had to be reduced by the square footage of glass to be replaced multiplied 
by the difference in U = value (1.13 - 0. 30 = 0. 83), multiplied by the average 
temperature difference at design conditions: 
(383) (. 83) (81) = 25,749 BTUH 
This represents a reduction of 2. 6% of the average heat loss shown in Section IV, 
and therefore the values shown in Table I, Section V should be revised to effect 
this correction. 
Ventilation Load to Floor Area Ratio 
Insulated School 
U ninsulated School 
Vent. (cfm) 
8,223 
7,282 
Floor area 
25,912 
22,242 
Ratio 
0.318 
0.326 
The ratios in this case are close enough so that no correction is necessary. The 
corrected averages for Table I, which summarizes the difference in Heating 
Energy Usage, (Section V,) are: 
1965-67 
Gas Heating Energy 
2 0. 050 Therms/DD/1 000 Ft 
Total Heating Energy 
2 0. 046 Therms/DD/1000 Ft 
If the insulated school had the same heat loss per square foot as the uninsulated 
school, the average fuel use would increase by: 
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• 046 (25, 912) = 1.192 therms per degree-day 
1000 
For an assumed 6600* degree-day heating season, this would result in an increased 
seasonal use of 7, 867 therms. At the rate in effect at the time of the study, 6. 8 
cents per therm, the increase in yearly operating costs would be $534.96. 
The validity of comparing the operating costs of the two schools on this basis was 
substantiated by the high degree of correlation in the statistical analysis described 
in Section V. 
*The average degree-days for the heating season in the Chicago area is 6155. 
However, as noted in Table I, the degree-days as observed at the school sites 
were approximately 7. 5% higher than average. 
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VIII. CONCLUSIONS 
The premise that insulated buildings will require less energy for heating purposes 
than comparable buildings with less or no insulation is well established. This 
study was to determine if the additional insulation installed in the insulated school 
could be justified economically. 
In Section VII, it was determined that the projected annual savings in operating 
costs in the insulated school as compared to the uninsulated school was $534.96. 
The money used for the construction of the schools was raised by a bond issue, 
with an equivalent "levelized" interest rate of 3. 622% over a period of 16 years. 
The "Present Worth Factor" for 3. 622% interest rate over 16 years is 11.984. 
$534.96 X 11.984 = $6.410.96 
The maximum justifiable expense for the addition of insulation in the insulated 
school is: 
6,410.96 $0. 247 per square foot of building floor area. 25,912 sq. ft. 
In Section VI, the additional cost for the insulation was established at $0.167 per 
square foot. From these figures, it can be concluded that the savings effected 
by the insulation more than offset the initial cost of the insulation. In fact, the 
initial cost (without interest on investment) would be recovered in 8 years 
($4, 327/535 = 8. 09). If interest is considered, the initial investment would be 
recovered in a little more than 9! years. 
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The essential difference between the two schools was the amount of insulation 
used in the roof system and the wall construction. The comparative "U-values" 
of these two elements are: 
Insulated School 
Uninsulated School 
Difference 
Roof 
0.08 
0.12 
0.04 
Wall 
0.10 
0.30 
0.20 
As can be seen above, the change in the U-value of the walls was much greater 
than in the roof, since the roof of the "uninsulated" school was already insulated 
to a degree, while the walls had no insulation at all. At this point, it seemed that 
an analysis of which element provided the greater potential savings was in order. 
The net* cost of the additional insulation in the roof of the insulated school was 
$127 per 1000 square feet of roof and the cost for the wall insulation was $112 per 
1000 square feet of wall area. 
The theoretical savings per 1000 square feet from the two elements for an assumed 
6600 degree-day year is: 
Roof: FU = (0. 04 X 1000} X 6600 X 24 
100,000 X 0. 75 
= 84. 5 therms per 1000 square feet 
Wall: FU = (0. 20 X 1000} X 6600 X 24 
100,000 X 0. 75 
= 422.4 therms per 1000 square feet 
At the rate of 6. 8 cents per therm: 
Roof: 
Wall: 
(84. 5) (. 068) 
(422. 4) (0. 68) 
= $ 5. 75 per 1000 square feet 
= $28.72 per 1000 square feet 
*Actual cost of insulation adjusted for savings in boiler and unit ventilators. 
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Using the present worth factor of 11.984: 
Roof: $ 5. 75 x 11.984 = $ 68.90 per 1000 sq. ft. 
Wall: $28.72 x 11.984 = $344.18 per 1000 sq. ft. 
From the above figures it can be seen that the cost of the additional roof insulation 
will not be recovered during the period of bond repayment but the wall insulation 
cost will be recovered in approximately 4. 33 years. 
It can be concluded then that when comparing these two schools the additional cost 
for added insulation in the roof is not justifiable over the debt retirement period 
and that the added wall insulation will result in the most favorable return on the 
"invested" money. 
It must be understood that these conclusions are related to the circumstances 
associated with these two buildings. The roof of the "uninsulated" building was 
in fact fairly well insulated, and the additional insulation on the roof of the 
"insulated" building did not significantly reduce the heat loss through the roof 
element. If the "uninsulated" school had, for example, one-half inch of insulation 
and the other building was constructed with two inches of roof insulation, the 
conclusions may not have been the same. If the debt retirement period had been 
longer and the interest rate higher, the results would not have been the same. 
Also, if these buildings were privately owned, then the effects of tax deductions 
for operating costs and depreciation would have to be considered. 
For the conclusions stated in this section, the economics were based on the 
amortization period of sixteen years. If for instance, an economic life of 40 
years were chosen, with an interest rate of 5%, the savings experienced in the 
insulated school would have a present worth of $9,351. However, the roof insula-
tion increment would have a present worth of $99, which would not cover the initial 
investment of $127. For each specific building a cost evaluation study must be 
made in order to determine the amount of insulation that can be justified. 
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Appendix A - Field Study 
On December 28, 1965, during a visit to the schools, thermometers were set up 
in four rooms at each school to read air temperatures at the 4-inch, 30-inch, 
60-inch, and 90-inch levels. The temperature at the thermostat and the "set 
temperature" at the thermostat were also noted. 
Although this study does not include any evaluation of comfort, the average tempera-
tures noted are reported here for informational purposes. The standards carrying 
the thermometer were located at the center of the classrooms. 
Outdoor temperature was 28F. 
Thermostat 
4" 30" 60" 90" Thermostat Setting 
Insulated School 72.4 74.4 74.8 77.2 73.9 73.5 
Uninsulated School 72.4 73.4 74.8 75.5 73.3 72.0 
The 4-inch to 60-inch gradient in both schools was 2. 4F and the thermostat setting 
held the center of the room at the 30-inch level within 1. 5F of the setting. 
With the limited field data available, it is not possible to draw any conclusions on 
comfort. However, the data collected seems to indicate that both schools were 
about the same comfortwise and that the difference in insulation had no noticeable 
effect on the comfort within the spaces. 
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